1. Introduction
===============

The prevalence of type 2 diabetes mellitus (T2DM) and diabetic nephropathy (DN) is growing rapidly worldwide, posing potential economic burden for every family and country.^\[[@R1],[@R2]\]^ Despite advances in care over the past 20 years, DN remains the single largest cause of patients with renal failure, and additional therapeutic approaches beyond glycemic and hypertensive control should be employed to reduce the rate of progression of nephropathy.^\[[@R3]\]^ More innovative strategies are needed to prevent and treat DN. In fact, several clinical trials are disappointing.^\[[@R4]--[@R6]\]^ Thus, searching for novel biomarkers for early diagnosis and effective therapy is ongoing.^\[[@R7]\]^ Meanwhile, identification of early biomarkers for DN may pave the way to the insight of novel mechanisms of diabetic renal damage.^\[[@R7]\]^

Several studies have suggested that intrinsic renal cells are able to produce the inflammatory cytokines and growth factors such as transforming growth factor beta 1 (TGF-β1) in the progression of DN.^\[[@R8]\]^ As a fibrogenic cytokine, TGF-β1 is considered a key mediator in DN.^\[[@R9]\]^ Recent evidences suggest that TGF-β1 is involved in the pathogenesis of DN, because of its prosclerotic properties.^\[[@R10]\]^ TGF-β1 is a multifunctional cytokine circulating in a biologically inactive form in human plasma.^\[[@R11]\]^ Among its many actions, regulation of cell proliferation and extracellular matrix production appears prominent. Excessive production of TGF-β1 is thought to occur in fibrosis of the kidney, liver, skin, and other organs.^\[[@R12]\]^

Although clinical studies have revealed the association between TGF-β1 and nephropathy in T2DM, results of the changes in TGF-β1 are often conflicting.^\[[@R13]--[@R17]\]^ Previously, our work^\[[@R18]\]^ has proved TGF-β1 was lower expressed in T1DM patients. Because of the existed and inconsistent ideas, we conducted this meta-analysis, synthesizing the data from case-control studies to evaluate changes of TGF-β1 level in T2DM and T2DN patients, and judge that whether TGF-β1 could be as a potential prognostic marker for DM or DN.

2. Methods
==========

2.1. Study identification and search strategy
---------------------------------------------

Our study was conducted according to the Preferred Reporting Items for Systematic Reviews and Meta-analyses (PRISMA)^\[[@R19]\]^ and Cochrane Handbook for Systematic Reviews criteria. Ethical approval was obtained from the Ethics Committee of Guilin Medical University. A systematic search was conducted for eligible studies which discussed the association between TGF-β1 and T2DM or T2DN patients from PubMed, Wangfang database, Chinese-Cqvip, and China National Knowledge Infrastructure (CNKI) database from February 1, 1991 to December 15, 2015. The search terms used were: ("transforming growth factor beta" or "TGF-β1") and ("type 2 diabetes" or "type 2 diabetic nephropathy" or "diabetic nephropathy" or "diabetic renal disease" or "T2DM" or "T2DN" or "DN" or "DM"). In addition, we also conducted an extensive literature search such as Baidu and Google; articles were further hand-searched in reference lists.

2.2. Inclusion criteria
-----------------------

All relevant articles were reviewed and studies meeting all the following criteria were included: the study should evaluate the association about total TGF-β1 with T2DM or T2DN patients; there had to be at least 2 comparison groups (case group vs control group); original data displayed as mean ± SD; and original report but not duplicated data.

2.3. Quality assessment and data extraction
-------------------------------------------

The data were extracted independently by 2 reviewers (Y.-C.Q. and J.S.) by using predefined data extraction forms, and the quality of all eligible studies was evaluated according to the Newcastle-Ottawa Scale (NOS).^\[[@R20]\]^ The NOS was developed to assess the quality of nonrandomized studies with its design, content, and ease of use directed to the task of incorporating the quality assessments in the interpretation of meta-analytic results. A "star system" has been developed in which a study is judged on 3 broad perspectives: the selection of the study groups; the comparability of the groups; and the ascertainment of either the exposure or outcome of interest for case-control or cohort studies, respectively.^\[[@R20]\]^ The following information was extracted: name of the first author; date of publication; country of the study; study design; sample size of patients and controls; mean age of the sample; mean ± SD of serum and urinary TGF-β1 level about T2DM or T2DN patients and controls. A third investigator (H.-L.Z.) was invited to assess such articles in case of disagreement, and the disagreements were resolved through discussion.

2.4. Statistical analysis
-------------------------

The data (sample size, mean ± SD) collected was used to value the association about TGF-β1 in T2DN or T2DM versus healthy controls. Heterogeneity was assessed with Cochran Q statistic test, and *P* \< .10 was considered evidence of significant heterogeneity.^\[[@R21]\]^ Heterogeneity was quantified by *I*^2^ test (*I*^2^ = 0%--25%: no heterogeneity; *I*^2^ = 25%--50%: moderate heterogeneity; *I*^2^ = 50%--75%: large heterogeneity; and *I*^2^ = 75%--100%: extreme heterogeneity).^\[[@R22]\]^ When *P* \< .1 or *I*^2^ \>50%, the heterogeneity was considered significant and random-effect model was used; otherwise fixed-effect model was used. According to the urinary albumin/creatinine ratio (UACR) (normoalbuminuria: UACR \<30 mg/g; microalbuminuria: 30 mg/g ≤ UACR ≤ 300 mg/g; macroalbuminuria: UACR \>300 mg/g) or urinary albumin excretion rate (UAER) (normoalbuminuria: UAER \<20 μg/min; microalbuminuria: 20 μg/min ≤ UAER ≤ 200 μg/min; macroalbuminuria: UAER \>200 μg/min), DN was defined as microalbuminuria and macroalbuminuria which was used for subgroup analysis. Otherwise, according to the ethnic, patients were divided into 2 groups (Chinese and non-Chinese) for subgroup analysis. Regression analysis is also an important method for exploring sources of heterogeneity. We performed sensitivity analysis by excluding some 1 study step by step, or by limiting the studies of NOS score ≥7 or excluding the obvious bias studies. Publication bias was examined graphically by constructing an Egger test (*P* \< .05 was considered representative of statistically significant publication bias).^\[[@R23]\]^ Stata 12.0 software was performed in this meta-analysis.

3. Results
==========

3.1. The process and results of selection
-----------------------------------------

Figure [1](#F1){ref-type="fig"} displays the flow chart of the literature search and inclusion process. Based on the search strategy, a total of 437 articles were collected. Eventually, 26 reports of 63 case-control studies (21 studies of 364 T2DM patients, 42 studies of 1604 T2DN patients, and 2100 healthy controls) were included. The unit of the measurement was μg/L for serum TGF-β1 in 15 articles,^\[[@R7],[@R13]--[@R15],[@R24]--[@R34]\]^ pg/mg.creatinine for urinary TGF-β1 in 6 articles,^\[[@R16],[@R28],[@R35]--[@R38]\]^ and ng/L for urinary TGF-β1 in 5 articles.^\[[@R39]--[@R43]\]^ The demographic characteristics of the 26 included studies were listed in Tables [1](#T1){ref-type="table"}--[3](#T3){ref-type="table"}. NOS results showed high methodological quality.

![A flow chart of the article search and inclusion process.](medi-96-e6583-g001){#F1}

###### 

Characteristics of studies about serum TGF-β1 level (μg/L) included in this meta-analysis.
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###### 

Characteristics of studies about urinary TGF-β1 level (pg/mg.creatinine) included in this meta-analysis.
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###### 

Characteristics of studies about urinary TGF-β1 level (ng/L) included in this meta-analysis.
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3.2. Meta-analysis results
--------------------------

The results of pooling analysis displayed that compared with the controls, the DM and DN patients had both increased TGF-β1 levels in serum (μg/L) (DM: SMD 1.78, 95% CI .98--2.59, *P* \< .001; DN: SMD 4.70, 95% CI 3.55--5.85, *P* \< .001) and urine samples, expressed as pg/mg.creatinine (DM: SMD 1.27, 95% CI 0.16--2.38, *P* \< .001; DN: SMD 3.14, 95% CI 2.15--4.13, *P* \< .001) and as ng/L (DM: SMD 1.19, 95% CI 0.77--1.62, *P* \< .001; DN: SMD 4.50, 95% CI 3.16--5.83, *P* \< .001) (Figs. [2](#F2){ref-type="fig"}--[5](#F5){ref-type="fig"}). All the results of this meta-analysis indicated that significant heterogeneity existed (*P* \< .001).

![Forest plots for the level of TGF-β1 between T2DM patients and controls with random-effects model. (A) TGF-β1 level (μg/L) in serum (SMD 1.78, 95% CI 0.98--2.59, *P* \< .001); (B) TGF-β1 level (pg/mg.creatinine) in urinary (SMD 1.27, 95% CI 0.16--2.38, *P* \< .001); (C) TGF-β1 level (ng/L) in urinary (SMD 1.19, 95% CI 0.77--1.62, *P* \< .001). CI = confidence interval, SMD = standard mean difference, T2DM = type 2 diabetes mellitus, TGF-β1 = transforming growth factor beta 1.](medi-96-e6583-g005){#F2}

![Forest plots for the level (μg/L) of serum TGF-β1 between T2DN patients and controls with random-effects model. Microalbuminuria (SMD 4.45, 95% CI 2.87--6.04, *P* \< .001), macroalbuminuria (SMD 5.00, 95% CI 3.31--6.69, *P* \< .001), overall (SMD 4.70, 95% CI 3.55--5.85, *P* \< .001). CI = confidence interval, SMD = standard mean difference, T2DN = type 2 diabetic nephropathy, TGF-β1 = transforming growth factor beta 1.](medi-96-e6583-g006){#F3}

![Forest plots for the level (pg/mg.creatinine) of urinary TGF-β1 between T2DN patients and controls with random-effects model. Microalbuminuria (SMD 2.27, 95% CI 1.27--3.27, *P* \< .001), macroalbuminuria (SMD 4.33, 95% CI 2.30--6.36, *P* \< .001), overall (SMD 3.14, 95% CI 2.15--4.13, *P* \< .001). CI = confidence interval, SMD = standard mean difference, T2DN = type 2 diabetic nephropathy, TGF-β1 = transforming growth factor beta 1.](medi-96-e6583-g007){#F4}

![Forest plots for the level (ng/L) of urinary TGF-β1 between T2DN patients and controls with random-effects model. Microalbuminuria (SMD 2.94, 95% CI 1.52--4.36, *P* \< .001), macroalbuminuria (SMD 5.83, 95% CI 3.86--7.80, *P* \< .001), overall (SMD 4.50, 95% CI 3.16--5.83, *P* \< .001). CI = confidence interval, SMD = standard mean difference, T2DN = type 2 diabetic nephropathy, TGF-β1 = transforming growth factor beta 1.](medi-96-e6583-g008){#F5}

3.3. Subgroup analysis and regression analysis
----------------------------------------------

In consideration of the influence about various levels of albuminuria in T2DN, we divided the patients into 2 groups (microalbuminuria and macroalbuminuria) according to UACR or UAER. The results indicated that the level of serum TGF-β1 was significantly increased in DN patients (microalbuminuria: SMD 4.45, 95% CI 2.87--6.04, *P* \< .001; macroalbuminuria: SMD 5.00, 95% CI 3.31--6.69, *P* \< .001) (Fig. [3](#F3){ref-type="fig"}). The level (pg/mg.creatinine) of urinary TGF-β1 also was significantly increased (microalbuminuria: SMD 2.27, 95% CI 1.27--3.27, *P* \< .001; macroalbuminuria: SMD 4.33, 95% CI 2.30--6.36, *P* \< .001) (Fig. [4](#F4){ref-type="fig"}), and also the level (ng/L) of urinary TGF-β1 (microalbuminuria: SMD 2.94, 95% CI 1.52--4.36, *P* \< .001; macroalbuminuria: SMD 5.83, 95% CI 3.86--7.80, *P* \< .001 (Fig. [5](#F5){ref-type="fig"}).

Because of the high heterogeneity, we performed subgroup analysis according to patients' ethnicity, and found that the Chinese patients with microalbuminuria displayed both higher serum TGF-β1 level (μg/L) and urine TGF-β1 level (pg/mg and ng/L) (*P* \< .001) (Figs. [6](#F6){ref-type="fig"} and [7](#F7){ref-type="fig"}). In contrast, the non-Chinese patients with macroalbuminuria had increased TGF-β1 levels (SMD 5.71, 95% CI 3.57--7.84, *P* \< .001) in serum, but not in urine (Figs. [6](#F6){ref-type="fig"} and [7](#F7){ref-type="fig"}).

![Forest plots for the level (μg/L) of serum TGF-β1 between T2DN patients and controls with random-effects model. (A) Microalbuminuria (Chinese: SMD 4.27, 95% CI 2.49 to 6.05, *P* \< .001; non-Chinese: SMD 6.13, 95% CI −2.02 to 14.27, *P* = .140). (B) Macroalbuminuria (Chinese: SMD 4.83, 95% CI 2.90--6.77, *P* \< .001; non-Chinese: SMD 5.71, 95% CI 3.57--7.84, *P* \< .001). CI = confidence interval, SMD = standard mean difference, T2DN = type 2 diabetic nephropathy, TGF-β1 = transforming growth factor beta 1.](medi-96-e6583-g009){#F6}

![Forest plots for the level (pg/mg.creatinine) of urinary TGF-β1 between T2DN patients and controls with random-effects model. (A) Microalbuminuria (Chinese: SMD 2.62, 95% CI 1.43 to 3.80, *P* \< .001; non-Chinese: SMD 1.53, 95% CI −0.59 to 3.65, *P* = .157). (B) Macroalbuminuria (Chinese: SMD 5.08, 95% CI 3.14 to 7.01, *P* \< .001; non-Chinese: SMD 3.16, 95% CI −0.84 to 7.16, *P* = .121). CI = confidence interval, SMD = standard mean difference, T2DN = type 2 diabetic nephropathy, TGF-β1 = transforming growth factor beta 1.](medi-96-e6583-g010){#F7}

The high heterogeneity was still observed in all subgroup analysis. To explore the source of heterogeneity, we conducted regression analysis (the level of albuminuria and/or ethnic as covariates) and found that the level of albuminuria and/or ethnic was not a key influencing factor for the high heterogeneity in this meta-analysis (Table [4](#T4){ref-type="table"}).

###### 

Regression analysis according to the level of albuminuria and/or ethnic in this meta-analysis.
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3.4. Correlation between TGF-β1 level and albuminuria level
-----------------------------------------------------------

Pooling data about the level of TGF-β1 based on the collected studies (SMD and 95% CI) displayed in Table [5](#T5){ref-type="table"} and Fig. [8](#F8){ref-type="fig"}, which indicated the level of TGF-β1, were positively correlated with the level of albuminuria in patients.

###### 

Correlation between TGF-β level and albuminuria level.

![](medi-96-e6583-g012)

![Correlation between TGF-β1 level and albuminuria level (data displayed SMD and 95% CI). (∗) *P* \< .05; (∗∗) *P* \< .01. CI = confidence interval, SMD = standard mean difference, TGF-β1 = transforming growth factor beta 1.](medi-96-e6583-g013){#F8}

3.5. Sensitivity analysis
-------------------------

Sensitivity analysis was performed to assess the stability of the results, and we found the results had no significant change through excluding studies with high risk of bias. We again conducted sensitivity analysis when the articles were limited with high NOS score (≥7) and found all of the results had no significant change.

3.6. Publication bias
---------------------

Egger test was used to judge the publication bias, and *P* \< .05 was considered to be representative of statistically significant publication bias.^\[[@R23]\]^ No obvious publication bias was found in most subgroup according to the Egger tests, except the subgroup about the level (ng/L) of urinary TGF-β1 in DN patients (microalbuminuria: *t* = 7.73, 95% CI 5.77--20.26, *P* = .016; macroalbuminuria: *t* = 3.77, 95% CI 1.86--21.88, *P* = .033).

4. Discussion
=============

Our meta-analysis based on 26 studies with 1968 cases and 2100 controls evaluated the association between the level of serum, urinary TGF-β1, and patients with DM or DN. The results suggested that both of the serum and urinary TGF-β1 levels were significant increased versus healthy controls, which is consistent with most of the related studies. Earlier research indicated that TGF-β1 promoted the renal cell hypertrophy, regulated the production of extracellular matrix molecules, and induced the chemokines production in proximal tubules of the kidney.^\[[@R44],[@R45]\]^ In our study, complication as an important factor significantly influenced the level of TGF-β1. Complications such as retinopathy, nephropathy, and cardiovascular disease were sensitive to immune cells and cytokines in T2DM.^\[[@R46],[@R47]\]^ T2DM and its complications were low response and immune suppressive function, whereas TGF-β1 displayed higher level was a multifunctional growth factor and could be secreted by many immune cells such as macrophages, T cell and other tissue cell when confronted with inflammatory response. TGF-β1 in DN has been indicated by prior findings that protein and mRNA production of TGF-β1 were significantly enhanced in the renal tissues of patients with DN.^\[[@R48],[@R49]\]^ Some articles also found that urinary TGF-β1 levels were elevated with microalbuminuria and overt proteinuria, as compared with normoalbuminuria.^\[[@R35]\]^ The results of serum and urinary TGF-β1 illuminate that it may be a novel biomarker for early diagnosis of DN.

Despite this, significant heterogeneity was found among most of the comparisons. The existing heterogeneity maybe possibly due to the different levels of albuminuria or ethnic, and subgroup analysis was used to reduce the heterogeneity. The results of subgroup analysis indicated that the levels of serum and urinary TGF-β1 were increased in Chinese DN patients with microalbuminuria, contrary to patients with macroalbuminuria in non-Chinese patients. However, we found that the high heterogeneity still existed. We used regression analysis to attempt to reduce the heterogeneity, and the results represented that different levels of albuminuria and ethnic were not parts of the source of high heterogeneity in the meta-analysis of serum and urinary TGF-β1 level. DN is a complex metabolic disease characterized by serious microvascular complications of DM^\[[@R50],[@R51]\]^; so we speculated that the factors influencing the level of TGF-β1 in T2DN possibly were not only the level of albuminuria and ethnic but also sex, weight, age, and disease duration, and future work is needed to explore the factors. We also used sensitivity analysis to explore the source of heterogeneity and assessed the stability of the results, and found that the results indicated no significant change, suggesting that the association was predominantly reliable and stable.

The publication bias in some comparisons might influence the interpretation of our final results. The reasons for the results may be the small-size studies or the researchers and reviewers preferred positive results and neglected the negative research when submitting or accepting the articles or some valid articles were missed or had not been published. So publication bias was inevitable in this meta-analysis.

It should be noticed that there were several limitations that need to be taken into consideration in our meta-analysis when interpreting the findings. Firstly, random-effect model was selected to pool SMD because of the high heterogeneity that existed in some comparisons, and it may affect the accuracy of outcomes. Secondly, though more and more research was referred to the relationship between TGF-β1 level and T2DN, only a few studies were selected for meta-analysis, and we could not conduct further subgroup analysis such as by sex, weight, and duration, because most of them lack sufficient original data. Thirdly, only Chinese and English articles were chosen, and more eligible studies which were unpublished or other language articles were not considered. Otherwise, publication bias existed in the conclusion which was based on relatively small study samples. So larger studies should be warranted in future to elucidate the role of the TGF-β1 level in DN. Undoubtedly, though all the limitations will inevitably influence the conclusions, the strength of our meta-analysis based on the accumulating studies had more power to get a more precise estimation.

In conclusion, the results in our study support that the levels of serum and urinary TGF-β1 are significantly increased in T2DM and T2DN. Considering the conclusion was based on limited studies with relatively small samples, larger well-designed studies involving T2DM or T2DN are required to confirm our findings.

Abbreviations: DM = diabetes mellitus, T2DN = type 2 diabetic nephropathy, TGF-β1 = transforming growth factor beta 1, UACR = urinary albumin/creatinine ratio, UAER = urinary albumin excretion rate.
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